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SPUTTERING PROCESS FOR THE
CONFORMAL DEPOSITION OF A
METALLIZATION OR INSULATING LAYER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates to a process for the deposition of a
noble metal, barrier metal, or insulating layer 1n a trench or
via 1n a semiconductor substrate to form a conformal
clectrode-metallization layer, barrier-metallization layer, or
insulating layer.

2. Description of the Related Art

The reduction 1n memory cell size required for high
density dynamic random access memories (DRAMSs) results
in a corresponding decrease 1n the area available for the
storage node of the memory cell capacitor. Yet, design and
operational parameters determine the minimum charge
required for reliable operation of the memory cell despite
decreasing cell area. Several techniques have been devel-
oped to 1ncrease the total charge capacity of the cell capaci-
tor without significantly affecting the cell area. These
include structures utilizing trench capacitors, as well as the
utilization of new capacitor dielectric materials having
higher dielectric constants.

U.S. Pat. No. 5,753,558 describes a typical prior art trench
capacitor as shown in FIG. 1. It has a trench 4 1n a silicon
substrate 10 with a polysilicon bottom electrode 6, a diclec-
tric layer 8, and a polysilicon top electrode 9 that fills 1n the
trench.

With respect to dielectric materials there has been a major
effort in semiconductor companies, worldwide, to commer-
cilalize high dielectric constant and ferroelectric thin films
for capacitors 1n advanced DRAMSs and ferroelectric random
access memories (FeRAMSs), respectively. These materials
include BaSrTiO; (BST) for DRAMs and PbZr'TiO; (PZT)
and SrBi,Ti,0, (SBT) for FeRAMs. Due to the highly
oxidizing conditions encountered during deposition of the
dielectric, 1t 1s well known that these materials require
clectrodes comprised of noble metals or noble metal alloys
such as Pt, Ir, IrO,,, Pt-Ru, etc. Still a further requirement 1s
the sub-micron patterning of both the noble metals and the
ferroelectric films.

Adverse interactions between the high dielectric constant
material and both the substrate and metallization layer occur
during device process steps including and following the
deposition of the first metallization layer. A suitable barrier
layer 1s employed to prevent unwanted reactions. A titanium
nitride (TiN) barrier layer has been used between a platinum
clectrode and an aluminum metallization over SrBi,Ta,O,
(SBT). A titanium tungsten (TiW) barrier layer has been
used between a platinum or titantum electrode and an
aluminum metallization over PbZrTiO; (PZT). In many
cases a noble metal electrode and a barrier metal would be
combined to form one composite metallization layer.

One of the critical considerations 1n depositing noble
metal electrodes or barrier metallization layers 1s achieving
a conformal film when depositing on non-planar structures
such as trenches or vias. The problem i1s the geometric-
shadowing and angle-of-incidence effects on coverage and
microstructure. Thus when coating a step, deposition con-
ditions that produce a dense structure on a flat surface yield
a porous structure on the step side walls, and produce an
open boundary or cusp emanating from the base of the step
as a result of self-shadowing. “Semiconductor Materials and
Process Technology Handbook™ by Gary E. McGuire,
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Noyes Publications, 1988, PPS 440-443, hereby incorpo-
rated by reference, discloses details of step coverage and
conventional solutions.

The techniques used to improve step coverage can be
classified into the following broad categories: (1) source
geometry adjustments, (2) step geometry shape adjustments,
(3) substrate temperature control, and (4) bias sputtering.

Source geometry considerations are based on the fact that
coating atoms approach a substrate surface in directions that
are dependent on the geometric configuration of the depo-
sition apparatus. Even in the case of sputtering at elevated
pressures, the atoms approach the substrate line-of-sight
from the point of last collision, which 1s nominally one mean
free path from the substrate. A typical mean free path at 50
mTorr 1s of the order of 1 millimeter and therefore much
larger than the step sizes.

The use of large source magnetron systems to deposit
non-planar layers 1s advantageous for a number of reasons.
In addition to providing improved source geometry adjust-
ments to promote step coverage, they have the capacity for
large production volumes and are compatible with 1n-line
processing systems. In addition to magnetron sputtering
sources, a wide range of sputter apparatus are available
including 1on beam and RF systems.

Step geometry shape control (i.e. tapered sidewalls in a
step) is one of the most effective methods for reducing the
geometric shadowing problems associated with step cover-
age. For example, a step slope of 30° from the normal in
combination with suitable substrate motion can eliminate
cusp formation due to shadowing.

Increasing the substrate temperature increases the adatom
surface diffusion and tends to negate the effects of seli-
shadowing.

The combination of source geometry adjustments, tapered
steps, and substrate heating has proven adequate for provid-
ing acceptable aluminum metallization on most conven-
tional devices. However, the use of tapered sidewalls 1s not
compatible with the footprint requirements and shrinking
lateral dimensions of ULSI.

For devices requiring sub-micron tolerances, bias sput-
tering 1s used to provide step coverage. In the bias sputtering
method, improvements in surface coverage are achieved by
re-sputtering material previously deposited. Thus some of
the material deposited at the bottom of a step 1n a surface 1s
resputtered at small angles and redeposited on the sidewalls
of the step. The bias voltage and current must be selected to
provide a proper balance between the deposition and resput-
tering processes. FIG. 2 shows the effect of bias voltage in
contouring S10.,, films at a step. As the bias voltage increases
the bias sputtering successiully eliminates crevice formation
from the base of the step. Recent experiments have demon-
strated that excellent step coverage of S10., over straight
edge profiles can be obtained with a combination of rf
sputtering from a planar magnetron source and an rf bias
applied to the substrates. Furthermore, 1t has been shown
that proper programming of the deposition and re-sputtering
will permit surface msulator layers to be leveled 1n antici-
pation of subsequent layers of metallization. The use of bias
sputtering eliminates porosity and improves the step cover-
age.

SUMMARY OF THE INVENTION

The present invention i1s a method for improving the
conformality of a metallization layer on the bottom and
sidewalls of a trench or via on a semiconductor substrate. In
one preferred embodiment of the invention, a plasma pre-
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ctch precedes deposition of a first metal film that 1s deposited
with a heated substrate and low deposition rate. Next, a
plasma etch step 1s used to re-sputter the first metal film
conformally onto the sidewalls of the trench. These two unit
processes (deposition/etch) are repeated sequentially until a
desired total thickness 1s achieved of a composite metalli-
zation layer such as a noble metal electrode and/or a barrier
metal layer.

The metal deposition sequences are preferentially carrier
out with the use of a directional grating or collimator. The
use of a collimator, although it reduces the metal flux
reaching the substrate, increases the fraction of incident
metal 1ons that are at or near normal incidence to the
substrate.

The substrate may be silicon or GaAs. The metallization
layer may be an electrode comprised of a noble metal or
noble metal alloy. Alternatively, the metallization may be a
barrier layer metal used to separate the substrate and dielec-
tric (for example PZT) or dielectric and further metalliza-
tion.

DESCRIPITTON OF THE DRAWINGS

FIG. 1 1s a diagrammatic view of a prior art trench
capacitor.

FIGS. 2a—b are diagrammatic views showing the effects
of substrate bias on a sputtering process.

FIGS. 3a—/ shows diagrammatic views of the steps for
making a stack capacitor.

DETAILED DESCRIPTION OF THE
INVENTION

The present mvention provides a sputtering method for
improving the deposition of noble metals, barrier metals,
oxides, nitrides, and oxynitrides conformally on the side-
walls and bottoms of three dimensional structures such as
steps, vias, lines, 1slands, mesas or trenches. The method
may be applicable to the process of making stack or trench
capacitors for dynamic random access memory (DRAM) or
providing for conformal electrode/barrier metallization for
advanced ferroelectric random access memories (FeERAMSs).

Referring now to FIG. 3, as a specilic example of a
microelectronic device structure fabrication process to
which the method of the present invention may be applied,
a description 1s set out below of a recessed stack capacitor
process flow.

In FIG. 3A, a substrate 10 (typically formed of silicon,
although other substrate materials of construction, such as
GaAs, are possible) may be provided with transistors and
other circuitry already fabricated below the wafer surface
12, according to conventional fabrication techniques. The
silicon circuitry 1s covered with a dielectric insulating layer
14 (isolation dielectric) such as SiO,, SizN,, boron- or
phosphorous-doped S10,, etc. Vias 16 to the Si circuitry are
opened using photolithography and dry-etching, a plug 18 of
suitable material, such as p-S1 or W, 1s formed in the vias
using CVD, and the surface 20 1s planarized by dry etching,
or by CMP processing.

Next, shown in FIG. 3B, a capacitor recess dielectric 22,
of a material such as $10,, S1,N,, boron- or phosphorous-
doped S10.,, etc., 1s formed over the surface of the plugs 18
and 1solation dielectric 14 using CVD, sputtering or wet
deposition methods.

Capacitor recesses 24 are then formed 1n the surface of the
insulating layer using photolithography and dry-etching.
The top surface 26 of the conductive plug may then be
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sputter-etched or heat-treated, to ensure a clean surface prior
to conductive barrier deposition in the next step (FIG. 3C).

The conducting and insulating layers that will comprise
the capacitor layers are next deposited. This 1s shown 1n FIG.
3D. The layers include (in the sequence they are deposited):
a conductive barrier layer 28, the bottom electrode (BE) 30,

the ferroelectric layer (FE) 32, and the top electrode (TE) 34.
The conductive barrier layer may be TiN, TiSiN, TiAIN,

IrO,, S1C or some other material suitable to withstand
oxidation and prevent diffusion of Si1. The BE and TE layers
are typically noble metals such as Pt, Pd, Ru, Ir, or Rh,
conductive oxides of Ir, Rh or Ru, other conductive oxides
such as (Ba,Sr)RuO;, (La,Sr)CoO; or alloys of similar
materials. In some 1nstances, TE need not be a noble metal,
since 1t does not need to withstand the highly oxidizing
deposition environment of the dielectric. Under certain
circumstances 1t may be possible to use a single layer for the
conductive barrier layer and the BE layer by suitable post-
processing to achieve the appropriate msulating or conduct-
ing propertics as needed for the device. The FE layer
material 1s typically PZT or SBT, but 1t may be bismuth
fitanate or some other ferroelectric thin film composition.
(Alternatively it may be a similar multicomponent oxide
such as BST for high capacitance, or LaCaMnOQO, for
magnetoresistance, €tc.)

It 1s evident that some sidewall coverage of these layers
1s necessary and the different layers require sidewall cover-
age for different reasons.

The barrier must cover the sidewall 1n order to make good
adhesion between the BE and the capacitor recess dielectric.
The BE must cover the sidewall to achieve adequate thick-
ness for electrical continuity if the sidewall part of the
structure 1s to be used for the chosen application. The
dielectric must have adequate sidewall coverage to obtain
uniform electrical properties 1n the capacitor, and to prevent
short-circuiting between the TE and BE. For geometries
>(0.5 micron, the conductive layers can be deposited using,
sputtering, which results in adequate sidewall coverage. For
smaller geometries or high aspect ratios in the capacitor
recess, CVD of the conductive layers may be needed. CVD
of the FE layer will generally be needed to prevent shorting
between the TE and BE, although there may be cases where
the FE can be sputtered with satisfactory results.

Next (FIG. 3E) a dielectric layer 35 is deposited over the
stack structure and the enfire structure is patterned using
chemical mechanical polishing. Alternatively, the stack may
be defined using conventional photoresist processing and
ctching.

As shown 1 FIG. 3F, an insulating passivation layer 36
and an inter-level dielectric (ILD) 38 are then sequentially
deposited over the capacitors formed in the previous step.
This barrier 1s deposited using CVD, sputtering or wet
deposition methods, and its purpose 1s to prevent undesir-
able chemical reactions and interdiffusion between the top
edge of the ferroelectric film or electrodes and the overlying
ILD layer that typically contains S1 or S10,. PZT and SBT
in particular contain the highly chemically reactive and
mobile species of Pb and Bi, respectively, and 1t 1s important
to prevent interdiffusion of those or similar species with the
ILD layer. The passivation layer may be T10,, ZrO,, Ta,O.,
S1;N, or other similar dielectric materials that include
mixtures of those materials too. The ILD may be formed of
S10,, S1,N,,, boron- or phosphorous-doped S10.,, etc., and 1s
suitably deposited using CVD, sputtering or wet deposition
methods.

Vias 40 are opened 1n the barrier layer and ILD using
photolithography and dry-etching (FIG. 3G).
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Finally, as shown in FIG. 3H, a diffusion barrier 42 of a
material such as TiIN, WN or other suitable material 1s
deposited using CVD or sputtering, and metallization 44 1s
deposited over that barrier, in order to conformally fill the
via. The metallization may be CVD-applied W or Al that 1s
sputtered at high temperatures or reflowed, or Cu, or Al-Cu
alloys, or other conductive materials. The metallization 1s
then patterned using photolithography and dry-etching and
the structure is passivated (not shown) using conventional
methods using S10,, polymers or msulating media.

In the above-described process flow for patterning sub-
micron ferroelectric capacitors 1n a stack capacitor
configuration, chemical vapor deposition (CVD) of the
ferroelectric, electrode and barrier layers 1s desirably
employed for feature sizes below 0.35 micron.

The present mvention involves a process for improving,
metallization coverage of steps, vias, and trenches. By
alternately sputtering and etching the metal conductive
barrier 28 and/or the metal bottom (BE) and top (TE)
clectrodes, 30 and 34, respectively, the conformality of the
layers 1s 1improved.

In one preferred embodiment of the mmvention, an initial
ctch step 1s used to condition the patterned substrate surface.
A first metal film 1s deposited with a heated substrate and
low deposition rate. Next, a first film etch step 1s used to
re-sputter the first metal film conformally onto the sidewalls
of the trench. These two unit processes (deposition/etch) are
repeated sequenfially until a desired total thickness 1is
achieved of a composite metallization layer such as a noble
metal electrode and/or a barrier metal layer. A low metal
deposition rate, preferably less than 1 nm/sec, 1s achieved by
sputtering at low power, typically less than 1 kW, and more

preferably less than 0.5 kW.

The 1nitial sputtering step 1s carried out via an 1onized
magnetron sputter deposition process which bombards a
metal target material to loosen ions (i.e. adions) that are then
directed onto the inner surface of the trench or via to form
a deposited layer. In one preferred embodiment, this process
1s performed using the deposition module of a Novellus M21
Cluster Tool. The substrate on which the recess or via 1s
formed is preheated and a low energy (a few tens of electron
volts) ion bombardment 1s used. These deposition conditions
make the sputtered adions more mobile on the 1nner surface
of the trench or via which improves filling of nano-scale
voids at sharp edges. Enhanced surface mobility may further
improve 1ilm quality by increasing both the density and
smoothness of the deposited layers.

The metal deposition sequences are preferentially carried
out with the use of a directional grating such as a collimator.
The use of a collimator, although it reduces the metal flux

reaching the substrate, increases the fraction of incident
metal 1ons that are at or near normal incidence to the

substrate.

Ionized magnetron sputter deposition techniques are
known 1n the art. Such a technique 1s described 1n an article
“Simulations of trench-filling profiles under ionized mag-
netron sputter metal deposition” by S. Hamaguchi and S. M.
Rossnagel, J. Vac. Sci. Technol., Vol. 13, Page 183 (1995)
and 1s hereby incorporated by reference. Other sputtering
techniques such as reactive sputtering and 1on beam sput-
tering that provide a metal film on the inner surfaces of the
trench may also be used.

Preheating the substrate in which the trench i1s formed and
use of a low energy (a few tens of electron volts) ion
bombardment are known 1n the art. These techniques are
described 1n an article “Thin Film Processes II” by John L.
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Vossen and Werner Kern, Academic Press, Inc. hereby
incorporated by reference.

Typical processing conditions for the sputtering step to
deposit a noble or barrier metal film, for example, Ir over a
trench, via or step are given 1n table 1.

TABLE 1

Parameter Preferred Value (Range of Value)

Sputtering mode DC magnetron

Target-substrate distance 43 mm (30-100)
Power 0.5 kW (0.3-0.7)
Working gas, flow rate Ar, 120 sccm (50-200)
Substrate temperature 500° C. (450-550)
Collimation Yes

During the plasma etching step, a high energy plasma
beam 1s incident on the metal layer deposited during the
sputtering step. According to a preferred embodiment, this
step 1s carrier out using the etch module of a Novellus M21
Cluster Tool. As the beam etches, sputtering takes place and
ions are desorbed from the layer and redistributed on the
sidewalls 1n a cosO distribution. This redistribution, at super-
thermal energies, involves impingement angles which are at
nearly normal mcidence on the sidewall, resulting 1n uni-
form sidewall coverage, and a highly dense, non-columnar
microstructure.

Such a plasma etching technique 1s known 1n the art and
described 1n an article, “Microprofile simulations for plasma
ctching with surface passivation” J. Vac. Sci. Technol. A.,

Vol. 125, p. 2745 (1994) hereby incorporated by reference.

Typical processing conditions for the second etch step to
deposit a highly uniform and dense noble metal or barrier
metal film, for example, Ir on the sidewalls of the trench are
orven 1n table 2. Iridium etch rates, for the preferred con-
ditions shown 1n table 2, are approximately 5 A/sec.

TABLE 2
Parameter Preferred Value (Range of Value)
FEtch mode RF 10on milling
Power 0.3 kW 0.3-1.0
Pressure 1.5 mTorr 1-3
Working gas, flow rate Ar, 50 sccm 30-60
Substrate temperature 450" C. 400-550
Substrate bias -231 V -250—100

The number of (deposition and etch) cycles used to
deposit a single discrete metal film depends on the duty
cycle and process parameters chosen for each component of
the process. The number of cycles 1s at least 2 and may be
20 or more, depending on the processing parameters and
additional economic considerations such as the total thick-
ness sought, cost, process time, etc.

The sequential application of the deposition and etching,
steps may be accomplished a) in a singular vacuum system
by switching between dedicated deposition and etch
modules, or b) 1n a singular vacuum system using a multi-
faceted deposition/RI-etch module, or alternatively, c¢) the
steps may be carried out 1n independent deposition and etch
systems.

A fTurther embodiment of the present invention mvolves a
simultaneous deposition and etch step. This may be accom-
plished a) in addition to the sequential application of dedi-
cated (independent) deposition and etch steps as described
above by, for example, temporally grading the transition
from deposition to etch (or vice versa) by adjustment of the
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substrate bias voltage duty cycle. Here the transition
between deposition and etch 1s not well defined.
Additionally, b) a simultaneous deposition and etch step may
constitute the full extent of the process, where the process
parameters either sit fixed (in a mixed deposition/etch
condition) or temporarily vary between secttings that are
considered neither 100% deposition nor 100% etch condi-
tions but which vary the extent of deposition and etch. For
example, the duty cycle can vary through the process so as
to favor more deposition at the onset of the process and more
etch at the end—or vice versa.

Following the deposition and etch protocols outlined
above, a post-deposition anneal of the metal film, prior to
deposition of the high dielectric or ferroelectric layer, may
be used to change the grain structure of the metal and further
improve 1ts resistance to diffusion of O,, Pb, or Bi.

While the preferred embodiments of the invention have
been shown and described, numerous variations and alter-
native embodiments will occur to those skilled 1n the art.
Accordingly, it 1s intended that the invention be limited only
in terms of the appended claims.

What 1s claimed 1s:

1. A method for depositing a conformal thin film over a
semiconductor substrate, the surface of said substrate con-
taining three-dimensional structures, comprising the steps

of:
a. heating said substrate,

b. depositing material to form a first film substantially
covering horizontal surfaces on said substrate,

c. etching said first film so as to re-sputter material from
sald horizontal surfaces onto vertical surfaces of said
three-dimensional structures,

d. repeating said depositing and etching steps to form a

composite conformal thin film layer.

2. The method of claim 1 wherem said first film etch 1s
comprised of a plasma etch.

3. The method of claim 2 wherein an 1nitial etch step
precedes the deposition step.

4. The method of claim 2 wherein the number of depo-
sition and first film etch cycles 1s 2.

5. The method of claim 2 wherein the number of depo-
sition and first film etch cycles 1s between 3 and 10.

6. The method of claim 2 wherein each first film etch step
removes at least 25% of material deposited during previous
deposition step.

7. The method of claim 2 wherein the deposition and etch
cycle concludes with a deposition step.

8. The method of claim 2 wherein said first film 1s a metal
film deposited by an 1onized magnetron sputter deposition
Process.

9. The method of claim 2 wherein said first film 1s a metal
film deposited by a reactive sputtering process.

10. The method of claim 2 wherein the deposition cycle
utilizes a directional grating.

11. The method of claim 10 wherein the directional
orating 1s a collimator.

12. The method of claim 2 wherein said first film 1s
selected from the group consisting of an oxide, nitride or
oxy-nitride film.

13. The method of claim 2 wherein said thin first film 1s
an electrically conductive film.

14. The method of claim 13 wherein said conductive film
1s selected from the group consisting of a noble metal or
noble metal oxide.

15. The method of claim 14 wherein said conductive film
1s selected from the group consisting of iridium, 1ridium
oxide, ruthenium, ruthenium oxide, and platinum.
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16. The method of claim 15 wherein the substrate tem-
perature is between 300-600° C.

17. The method of claim 16 wherein the deposition power
1s less than 1 kW.

18. A method for depositing a conformal thin film over a
semiconductor substrate, the surface of said substrate con-
taining three-dimensional structures, comprising the steps

of:

a. heating said substrate,

b. depositing material to form a first film substantially
covering horizontal surfaces on said substrate,

c. plasma etching said first film so as to re-sputter material
from said horizontal surfaces onto vertical surfaces of
said three-dimensional structures,

d. repeating said depositing and etching steps to form a

composite conformal thin film layer.

19. The method of claim 18 wherein an 1nitial etch step
precedes the deposition step.

20. The method of claim 19 wherein the number of
deposition and plasma etch cycles 1s 2.

21. The method of claim 19 wherein the number of
deposition and plasma etch cycles 1s between 3 and 10.

22. The method of claim 21 wherein each plasma etch step
removes at least 25% of material deposited during previous
deposition step.

23. The method of claim 22 wherein the deposition and
etch cycle concludes with a deposition step.

24. The method of claim 23 wherein said thin first film 1s
selected from the group consisting of an oxide, nitride or
oxy-nitride film.

25. The method of claim 23 wherein said thin first film 1s
an electrically conductive film.

26. The method of claim 25 wherein said conductive film
1s deposited by an 1onized magnetron sputter deposition
Process.

27. The method of claim 25 wherein said conductive film
1s deposited by a reactive sputtering process.

28. The method of claim 25 wherein the conductive film
1s deposited by an 1on beam sputtering process.

29. The method of claims 26, 27 and 28 wherein the
sputter deposition process utilizes a directional grating.

30. The method of claim 29 in which said directional
orating 1s a collimator.

31. The method of claim 29 wherein said conductive film
1s selected from the group consisting of a noble metal or
noble metal oxide.

32. The method of claim 31 wherein said noble metal film
1s selected from a group consisting of 1ridium, 1ridium oxide,
ruthenium, ruthenium oxide, and platinum.

33. The method of claim 32 wherein the substrate tem-
perature is between 300-600° C.

34. The method of claim 33 wherein the sputter power 1s
less than 1 kW.

35. A method for depositing a conformal thin film over a
semiconductor substrate, the surface of said substrate con-
taining three-dimensional structures, comprising the steps

of:
a. heating said substrate,

b. etching said substrate 1n an 1nitial plasma etch,

c. simultaneously depositing and plasma etching a noble
metal to form a conformal film substantially covering
horizontal and vertical surfaces on three-dimensional
structures, said noble metal deposited by an 1onized
magnetron sputter deposition process where the sub-
strate temperature is at least 400° C. and the deposition
power 15 less than 1 kW.
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36. The method of claim 35 wherein said noble metal film
1s selected from the group consisting of iridium, ruthenium,
and platinum.

J7. The method of claim 35 wherein the sputtering and
plasma etching parameters are systematically varied
throughout the deposition process.

38. A method for depositing a conformal thin film over a
semiconductor substrate, the surface of said substrate con-
taining three-dimensional structures, comprising the steps

of:

a. heating said substrate,

b. etching said substrate 1 an initial plasma etch,

c. simultaneously depositing and plasma etching a noble-
metal oxide to form a conformal film substantially
covering horizontal and vertical surfaces on three-
dimensional structures, said noble metal deposited by
an 1onized magnetron sputter deposition process where
the substrate temperature i1s at least 400° C. and the
deposition power 1s less than 1 kW,

39. The method of claim 38 wherein said noble metal
oxide film 1s selected from the group consisting of 1ridium
oxide and ruthenium oxide.

40. The method of claim 38 wherein the sputtering and
plasma etching parameters are systematically varied
throughout the deposition process.

41. A method for depositing a conformal thin film over a
semiconductor substrate, the surface of said substrate con-
taining three-dimensional structures, comprising the steps

of:

a. heating said substrate,

b. depositing a conductive barrier layer on said substrate
said conductive barrier layer suitable to withstand
oxidation and prevent oxidation of said substrate,

c. depositing material to form a second film substantially
covering horizontal surfaces on said substrate,

d. etching said second film so as to re-sputter material
from said horizontal surfaces onto vertical surfaces of
sald three-dimensional structures,
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¢. repeating said depositing and etching steps to form a

composite conformal thin film layer.

42. The method of claim 41 wherein said second film etch
1s comprised of a plasma etch.

43. The method of claim 42 wherein an 1nitial etch step
precedes the deposition step.

44. The method of claim 42 wherein said conductive
barrier layer 1s selected from the group consisting of TiN,
T1S1N, TiAIN, IrO.,, S1C, PdSiN, metal suicides, or metal
carbides.

45. The method of claim 42 wherein said thin second film
1s a conductive film.

46. The method of claim 45 wherein said conductive film
1s selected from the group consisting of a noble metal or
noble metal oxade.

47. The method of claim 46 wherein said noble metal or
noble metal oxide are selected from the group consisting of
iridium, 1ridium oxide, ruthenium, ruthenium oxide, and
platinum.

48. A method for depositing a conformal thin film over a
semiconductor substrate, the surface of said substrate con-
taining three-dimensional structures, comprising the steps

of:

a. heating said substrate,

b. depositing material to form a first film substantially
covering horizontal surfaces on said substrate, said first
film capable of functioning as an electrode and as a
conductive barrier layer suitable to withstand oxidation
and prevent diffusion of said substrate,

c. etching said first film so as to re-sputter material from
sald horizontal surfaces onto vertical surfaces of said
three-dimensional structures,

d. repeating said depositing and etching steps to form a

composite conformal thin film layer.
49. The method of claim 48 wherein said first film etch 1s

comprised of a plasma etch.
50. The method of claim 49 wherein an 1nitial etch step
precedes the deposition step.
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